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FINAL  REPORT 


NEW  ALGORITHMS  FOR  THE  REDUCTION  OF  IMAGE  DEGRADATION  DUE  TO 

ATMOSPHERIC  TURBULENCE 

B.  Roy  Frieden 
(602)  621-4904 
fax:  (602)  623-9034 
e-mail :  f riedenr@ccit . arizona.edu 

PROBLEM  UNDER  STUDY: 

Limited-area* defense  from  incoming  missiles  requires  adequate  lead 
time  for  effective  countermeasures  to  be  taken.  If  optical  imaging 
sensors  are  used,  atmospheric  turbulence  is  an  important  obstacle  to 
quick  identification  of  an  incoming  missile.  Another  obstacle  is  image 
jitter  due  to  random  motion  of  the  camera,  both  between  and  during  image 
exposures . 

Digital  image  processing  permits  efficient  processing  of  image 
data.  The  overall  objective  is  to  reduce  the  deleterious  effects  to 
imagery  of  these  well-known  sources  of  image  degradation,  by  using 
digital  techniques.  The  general  aims  are  to  effect  good  reconstructions 
from  a  minimum  number  of  data  images,  and  in  real  time. 


SUMMARY  OF  ACCOMPLISHMENTS 
1.  Atmospheric  Turbulence  Problem. 

In  this  problem,  multiple  short-exposure  images  of  one  incoherent 
object  are  given  as  data.  The  aim  was  to  process  these  to  give  a 
reconstruction  of  the  object  scene  that  would  have  existed  without  the 
presence  of  turbulence.  For  this  purpose,  the  'image-division' 
algorithm  was  developed. 

The  image-division  algorithm  works  from  two  input  spectral  images. 
It  uses  a  superposition  model  for  the  random  atmospheric  point  spread 
function  in  each  image.  It  solves  for  the  parameters  of  the  model  by  a 
least-squares  fit  to  the  quotient  of  the  two  images  in  Fourier  space. 

The  approach  was  tested  to  the  presence  of  additive,  circular  Gaussian 
noise  in  the  image  inputs.  It  was  found  that  up  to  10%  such  noise 
(standard  deviation  of  10%  of  maximum  modulus  in  image  spectrum)  can  be 
well-tolerated  in  the  reconstruction.  This  is  a  significant  noise  level, 
and  bodes  well  for  the  approach. 

Next,  we  attempted  to  further  improve  the  algorithm's  robustness  to 
noise,  by  adding  object  power  spectrum  information  into  the  algorithm. 
Specifically,  a  reconstruction  is  sought  which  least-squares  satisfies 
both  the  quotient  of  the  data  and  (additively)  the  average  object  power 
spectrum.  It  was  found  that  the  approach  achieves  its  goal.  Even  if  the 
inserted  power  spectrum  is  only  a  crude  approximation  to  the  true  object 
power  spectrum  (which  cannot  be  known,  in  any  real  problem  scenario) , 
the  reconstruction  quality  increases. 

Finally,  with  the  aid  of  visiting  professor  Y.  Wang,  we  strongly 
sped  up  the  reconstruction  algorithm  by  using  a  neural  network  in  place 
of  the  Newton-Raphson  search  procedure  previously  used.  A  typical  image 
now  takes  the  order  of  a  minute  to  process,  and  on  a  desk  top  pc.  The 


g6al  is  to  produce  the  output  in  real  time. 

2.  Wind  velocity/shear  mensuration 

Since  the  image-division  method  (described  above)  has  as 
intermediate  outputs  the  two  point  spread  functions  forming  the  two 
observed  images,  it  appears  that  vital  information  on  wind  speed  is 
known  as  well.  After  all,  these  are  the  p.s.f.'s  through  the  existing 
atmospheric  turbulence,  and  the  latter  is  directly  caused  by  the 
prevailing  wind  situation.  In  particular,  the  more  smeared  out  in  a 
given  direction  a  p.s.f.  is,  the  stronger  the  wind  must  be  in  that 
direction.  Since  the  method  is  purely  passive  as  well,  it  offers  a 
distinct  advantage  over  the  current  use  of  radar  imagery  to  accomplish 
the  same  goal.  It  also  is  cheaper  to  implement,  and  may  prove  to  be  a 
more  effective  measurer  of  wind  speed  and  wind  shear.  This  should  be 
a  promising  area  of  new  research. 

3.  Further  development  work 

The  main  problem,  number  1  above,  has  nearly  been  completely 
solved.  It  would  require  about  2  more  years  of  research  to  reach  full 
payoff.  The  spinoff  to  problem  number  2  is  fortuitous  and  suggests 
that  this  important  problem  may  be  soluble  as  well.  However,  if  ARO 
or  some  other  agency  does  not  offer  further  support,  this  research  will 
cease  and  a  great  opportunity  will  have  been  lost.  In  effect,  past 
support  of  this  research  will  have  been  wasted,  as  well. 
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A  patent  disclosure  for  a  'smart  camera  for  reducing  atmospheric 
turbulence'  was  filed  with  ARO  in  1993. 
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